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(54) Title: INTEGRABLE FIBEROPTIC COUPLER AND RESULTING DEVICES AND SYSTEMS 




(57) Abstract 



A fiberoptic coupler capable of many functions is presented. The basic fiberoptic coupler has a first sleeve (33), a second sleeve (36), 
a first collimating GRIN (34) or conventional lens, and a second collimating lens (35) or conventional lens. The first sleeve (33) holds end 
sections of two or more input optical fibers (30, 31) along the longitudinal axis of the sleeve. The second sleeve (36) holds an end section 
of at least one output optical fiber (32). The end face of the second sleeve faces the first sleeve end face. The first collimating GRIN (34) or 
conventional lens in front of the first sleeve end face collimates light signals from the input optical fibers and the second collimating GRIN 
(35) or conventional lens in form of the second sleeve end face focusses light signals from at least one of the input optical fibers (30. 31) 
into the single output fiber (32), or at least one of the output optical fibers (32, 39). With only one output fiber the coupler operates as a 
combiner. If more than one output fiber is held by the second sleeve, the input and output fibers can be arranged so that a light signal from 
one input fiber is sent to one output fiber. For added functionality, optical elements, such as isolators and wavelength-dependent filters can 
be inserted between the first and second collimating lenses. 



(19) B^HWaTJT (JP) (12) |^ ^ ^ (A) (ll)4$?ftBBi4^#*§ 

^^^10-511476 



(43)&SB ¥j£10¥(1998)11IJ4B 



(BOIntCl. 6 




F I 




G 0 2 B 6/293 




GO 2B 


6/28 B 


6/00 


3 16 




6/00 3 16 


6/32 






6/32 


H04B 10/02 




HO 4B 


9/00 E 


H 0 4 J 14/00 






U 




mem* ^mmztm^L *r (± n m mm\zm< 




»H¥8 - 519893 


(71)ffliBA 


-i ~ry 9 • t5y^X • >3— 


(86) (22)ttifiaB 


¥^7^(1995)12^140 








¥#9^(1997) 6 £200 




7*V*&mm* 95131 %V7*JV—7 


(86)SIStti8^ 


PCT/US 9 5/16283 








W09 6/1 9 7 4 3 




o., 1885 


(87)g|£&|£B 


8 ^(1996) 6^27 0 




/^>, ^>->?3> 


(31)«*«ffi»## 


0 8/3 6 1. 6 10 




T^'J^J-S*^ 95035 iJU^^J^y 


(32)«5feH 


1994^12^210 








(US) 




978 


(31)fi*;tfc£3K#^ 


0 8/4 7 0, 8 1 5 




#»t am, AfiB W3«) 


(32)«ft0 


1995^6^ 6 0 






(33)«5fe«i^«® 


mm (US) 















(54) bwj£>«*w ma^ti^^r^/^^^^w^ntCctoTT^^gB^^^x^A 



(57) Bfi»] 

*«M7 7^n*^7H flCOXU^ (3 3) , 
g|2CDX'J-^ (36) , SlO^iJ^-htSGRI 
N (3 4) tt\m&<OV>X. *<ktf»2(D3^- 

h?z>i>>x (3 5) sfc»a*(ow>xs4ti. an 

(3 3) t*, XU-^^^^<Dl6*C^-3 
2«±CDA^^T<^^ (3 0, 3 1) <D«fK#£ 
»J$t*£<. S20X'J-^ (3 6) *^<tt)10 
©ffl*#:77>f/t (3 2) ©SSK#&#*rr*. m2(D 

©x y -7<Dmm<ommztiLWt*m i con y * - h-r 

5GRIN (3 4) *fc«^5fe£Dl/>X«, \J]ft7 T 
-fW^O^S^'J^- S20XU- ^Oig 
®C0IEffitretS-r'S^2cDnU^-h-r-SGR I N (3 
5) £fcfc«£#G9V>X^ AM7r-f/^ (3 0, 3 
1) 0>3 5a*fe<£fclO^&©#«*f£, ¥-com 
ft7T-fA (3 2) *&ttffi*3e7y>f A* (3 

2, 3 9) 4>55<Z)4>ft< 1^(C, *^^^3bti: 




T" 

35 



Z 



I 

36 



FIG. 2 



(2) 10-511476 

IfflSE** 2 <7)ft 7 T ■< ^3ra t , 

* i * j: 0 s * 2 oasis fc mrfB# i *s J: Tim 2 <D$&m*mz> « $ ^irio* t 
was® t sag* u tubes s^iRiowt, Mfmi &±v ! m2<DyG7 r-i '<<vmm 

2 . mm l/2t'yf GR I N V > X 1 £ <fc TO 2©l/4t;?fGRIN 

uvx*^*, wmmiv 1/4 gr i n vyXitmum 1 cdm& «t 

& 1 wW-l^-riJIglB*:**, #TIE^2 O l / 4 t' 7 f G R I N WXttTHrfB^ 2 

3. BtrlEI^ 1 fcJ:a'i2<7)GR I NU>Xte£.^Kmm*&frtlZ>. S*^2l* 
IE«c<7)«fi^i!)^S^ T'^o 

4. SfrfEl/4 tTy^GR I N ^>X<7)iifffE£* liO . 2 3 tT ? ^ fc^Ta , M 
*£2 fclBRoSfifl-ai^S* 7"7o 

5. iffrfElH 1 *3cfcTO2 c7)3fc:7 T-f/N*(7)HfrlE^§rW1-^>^l<7>^'J-7^$ 5> 

iuIEx ';-7'fimfIE?fc-7 r^^ir^McoiSM U Ht, 

iiris^ 3 & i TO 4 (7)^7 r ^wfltrfESffiSr^-r a ^ 2 0.* y - y 



(3) mm^f- 10-511476 

7r^ t , mm 2(o^'j- rco^BfimriB^ 1 u - rosea 
2 -wxjjfty 7 4 £ & i ovmjjfty 7 4 

Js J: ^flS 2 O n 'J ;* - M-*#i£fi, stlB^ 2 <D 3 - M-^>^g^mrlBA^ 

9. nf±2 H^L^> ISM8 tSE*^)*7*9o 

10. nf*4 (c^Lv^ ff;fcg8 K:|E«09*7*9 o 



(4) mmw- io-5ii476 

12. < t i> i ^<Dmti^ty r /^mie^E^-fi, ctt/mie^ 

13. Itffa^ 1 & J: 1**1$ 2 on 'J - hT&^fSli^^ l/4t'7fGRIN 
1 4. iftrfEljS 1 OX <J -r®J±HlT|B^^ < t i> 2^A**7r^/^t^I 

15. ^&<tfci§l> US 2, $ 3 is 0;)£7 r >CMSriB£"f &££>0# 

liTlE^ 1 0*7 7^^03^, 

Hrte«f 2 <Dit 7 r >r '*<r>M t , 
mm 3 <mt 77^ ^wss t , 

Hfrifi^ 4 (7)* 7 r >r ^o3s t > 

» i * «t ^ 2 oaaiB t nirie» i & «t tffc 2 om g $ t * 

•f& 1 / 2 tT v R I N!/>Xt*^*, ffiffif&lii i 01*12 0*7 7-f ^O 

HtIfE^ti> S«/Mi^OHffIBGR I N vyx^mumi 03s® mas u mria^3 
i=«fcOlMo*7 7^^0]!fr1E!5?i&ti, SWc^omrfEG R I N V > XostrBB^ 2 

o^bi-s^u bibbs ^ofst % mumi &zvtm2<vyty '*vmm 

Sffit, HlrfB^3 i3J:0 5 ^4 r>f /^flirlEStt tt, HlffE^ 1« 7 r >f 

3 © 7 7 >f Ufil L , ^oUfB^2 07 7 ^^OTfc^MfE 

1 6 . HtflB^ lis£Wm2<D%i7T'(WSvry h ofcujftEfrfcB pgRrt fc. 
fitfrr l OX 'J - ^Sr 3 t, HtllB^E^tSmrlB^ lt*£Zfft2 03fc7 

■f & & 2 ox U mrlE^E^(±BrIIB^ 3 is «t O 5 '^ 4 o?fc7 7 W ^ 

17. itfBiiS 1 ox U -ri*JOl!iJfE[li§n£Mi> ItSE* 1 is J: tffc 2 03fe^ yf 



(5) 1$JI¥ 10-51 1476 

£1 6 ^SE«0*^9o 

1 8 . fllrfS^ 1 is J: 0^2 <&3fc7 r >f ^Wl*irfa$*flfc#-r.6 & 1 U -r* 3 
mrlB^ 3 4J J: 0 s * 4 Oft? r ^itrfBSS 4 & 2 'J - 

19. mi (Duum^^yty r miaiisi^tt so to 

IE* 3 £ X Z?m 4 <7)36:7 7 4 <b t^UflSfKSf 2 ^#^694^*7 r ^ ^^co mT 

<b<^3fc3& t «r?a»2 o#jjpfi«i4Sk<o^7 T^f /^-9 *>cd i ow^aa-ra <t ■? i*2 

2 0. MfB^l^#J(D^ ; &^ci3j:^MfBll2c7)#iJDM^itfi2^^Lv^ fflt£3i 

1 9 KfEStoa ^7o 

2 1. MIB 1/2 li -yf-GR I Nl^>XJi^ll3j:O f Sf2<^l/4 t'7fGR I 
Nl^^XSrt*, l<01/4t'-7fGRI N U vXttfljfSE* 1 <7)%HiWtB 

1 e>#lRj-*-*S|nHii Sr-g-*, BtrfE^ 2 <0 l/4t'7f GRI N 1^ >Xf±MfBJil 2 

2 2. Atrial 1 J3 <£ 0^2 <7?G R I N 1^ > X fiS^ lc flfl PI£ fc^ft^ . ff*^ 2 

1 KfE$t<Z>#7*7o 



(6) 10-511476 

23. Htriai/4 b'^f-GR i n v-^x«7)itria#^ ii o . 2 3t'7f «rtts, 

2 4 . mum Ii3i0-I2^7 7^^y^7 fo£v^E#£||p0Bl*]K 

«#-r* m i<vx i ) -7*2 b mutfibtzfrumum ^^12 <^%y 
25. mum i y -^rt^KserangRii, Uriels 1 & *u%2 ©*7yf ^ 

ffrfe.x v -7*(±B<rfa*-7 r-^/^^^t *®^®$r^ri-^, s^2 4 ^um<D* 

2 7. fll <7)#i][l6<j^^*-7 7 4^*2 ht~^&, l<0#ijn&9^^^5fe 

<7)#iDW^^co^7 r >f ^^BtfBaSJi2v>H^OH(rlEG R I NV->XcofltTl5^ 1 

^ 2 <7)tti[|lft£&<7>ft:7 7 -f ltl£^ 2 <Di-itm*m$m 1 cOtt^Dlft 

ft&t^L<, mrie^2«7)#ip«)^^c7)7t;y 7 J ^<n&* MUm3 
is X ZfW> 4 (Difcy 7 A h Z/KWUm 2 0#jD»*SfcW3fc7 7 -Y ^<7>1tIfE3ra t± 

svMc^omiaG r i N^>xcoifji2^2 (DiffiWK&mL, mu-S:^^m<Dmt 

> mum 1 OftSDBjfcftOjfc? T^OflifSBSffi^ flfSlil2^ttjDfft&i^}fc7 



(7) 10-511476 

2 8. ffifSB»i^#jjpw*sfc*j: v s mmm2 <nmm*m % &* 2 ^t^, it 

BfrlS^ 2 Oft? t 4 ^<GSfl i: > 

Mies 3 o^c 77^ ^<*)SH £ s 

$ i&£v s m2<viffiffitmtim nsxu s m2<DtQm^M^&^^m<Dmt ^ 

^ofl&SEt£*wV'>Xfl5lirlE» l oSfi&IBfcifiSfU "SlTfE^ 3 is «t C^H 4 <Dity r 

4 <Dity r 4 mrifii^ t (is ffllS^ 1 <0 7 r W h cojfc&mtzm 
/<l*lKJ§au ^oMSESS 2 (7)7 7^ <0 5fe*««r IE & 4 <7) 7 r 4 

Stsii<o7'j-7^? tbte-gfr. ffifs^EfrfiitfrfE^i toXtft^2<o%y r 
t& lis 2 >j - t*£ ? e> K-g-*. tfris^E^timie^ 1 & «t xrm 2^77^ 

O 

3 1. mriE^i <7)^ >; --?pi<?>mmmnm$, mttm i to xxf^ 2 (Dity r ^ ^< 

S3 0 ^IE®<7) A7"7. 

3 2. sirlE^l i3j:0 s ^2<7)?t7 7-i'^^milE^^«^-r4^1 <7>x>J-7*£$ 



(8) 10-511476 



33. #1 <9tf*nw*»<aft7 7 >r>r*4r$ sHiam 1 ^ftiiiw^ic^^ 

7 7 W JiSIS* ^TU Htrl£^l *3«tO f »2<03l&7 7 >f EFHHiTfE* 1 

£&k#l<. flff?a*2 0'N-jnw4af[<7)*7 7W , ^o#^rt3is*^rL, mife^ 3 

ffilE»2 0#iDKJ4|{c^3fc7 7>f loi*iuajSt*J: ? CS^I^L 

34. fflw^iw#inw*«fc*J:o f «ffB»2w#jn«j*»ii2K^Lv^ m&m 

3 3 H|EjR<0* 

35. il <fc 0^2 con ^-?^|C37t77-l:V/'J Sr^-TS&il. $ *l 
tz%T4V V- 9 Ci^T, IirfB3T''frT-b>r , J fi 1 2t<a«JB*H!felSiiHH3fc 
^•t. *<OMfc7r97'-;te5lG&fc£#U HirfS-77 ^-r-ife^liC dM n T 
e 3fc& 0 

3 6. hu|£7 7 5f-tt5fcStt*ffia s K-7'3;»tfcC d M n T e Sr-g-tr, f»M 
3 5 JCfEft^efcA? *Lfc3fcT>f V I/- 

37. il i3<t0 5 "^2 c7)5fc-7 7-r/^^^-^-r^^^^^fi^#J^fi^7 P 7T*o 

Hufs.^ 2 <7?^7 7 w /^<^as t , 

m 1 * j:a ! ^2<7)^ffititii5^ 1 & tarn 2 <Dmw*m2>&2-%m<Dmt *m 



(9) 10-511476 

ni/4t'7fGRi Ni^'/Xim, stiBGR i uuyxvmm&i <o%& 

HfTfE^^n^ v ? y 4 )W t iftfEG R I NV^Xwfi^^lfowtttgrlB^ 

MfE^ * n 4 y ? y 4 )V 9 i:i o TKtfr $ ftfc 3fc**fir8e& 2<077^f ^t*l i:l 
ilU flffB$&2 «07 r ^^^O^-C&oTfltrfE^ ^ n>f y tr y 4 )V? 

3 8. Wi 3 <vfty r J /miffi t , 

t £ 3 Buiaa v * - * ii. flirie^ x ) * - b 3 *Lfc3fe*nfrffl!&3 o 

ijy'y a 

3 9 . Hiffan 'j * - * fi^ 2<D 1 /4 If y 9-G R INU >X£#fr, 3 7 

<r>m&frm&A%y°y<, 

4 1. il iiCI ! *2^7r4 , ^i|g^t4fc*^WDM*y9T*oT> sir 

lE^-^vfi, 

-r^^i<7?n>j^ - f*-r& l^vxt uriE^ 1 <^>^ } ) * - htav^x© 



(10) 10-511476 

■xfiKvm t mum 1 & <t ^12^77^ /^itr iess t f±> miE^ 1^77^^ 

;7V-?7. 7 -f 9 K X -a Tl ? tL7t 5fe^ s Mfe n v 7^7. 7 <1 )V?frb^V J - h 2 

titzibt LTftTv* < J: 9 fc, 5>»fc.»LTE1B3*i*» WDM#7*7 0 

4 2. flSrsaag 1 ="J P>Xj± l/4k'7f GRI Nl^X^tr, 

4 3. UtrfEa >^^7^ t±^*-Y ^a-r 7* 5 7-74 ;u m$.T% 
4 1 KKi^WDM*^?, 
4 4. 13^77^/^8!;, 
Mian > ^;U7-f ^^^iitfffi^ 'J ^ - h 2 fiti?t<DU&Pl<V^ 2 coa ij 

4 5. fltrlEH2<7)=r 'J^ - ht^W>Xlii2(7)l/4e7f GR INV^X^ 

4 6. mia^ife^^2^7fc7T^^^fliriE^^«»i-&^i^^ i J-7^^ 

b«ie^ 3 <^7 r -r wm&mitik&-r &m 2 - ^sr-g-*, BtriEx «j - 
7itm$zft7T'iJ*<Qmh#:iB<DW>kirtz>* m&m4 a £fE«<&wDM*7*9 

o 



(11) m ^¥ 10-511476 

mum 3 (Dfty r << * y h <7>4v»SfflEfl-£B ngBrtfcfiUSi-*^ 2 <D 

^gic*, j: ? f<&st-r*>i£gs:#u fltjia^2<^^'j-7*t*i(7)HJiaigpfi5{iBffiE 

^SCO^^T-f^V?^^*, J: ? f#St-*- fl^fc*! 4 7 K 
WDM* ^9, 

8 KfEJRoWDM* ^ 7 0 

r^A*?f)i:**, bUIB^2 <?)^ U -^{±, liirlEfc 2 <3 7 r>f <*>3fc-C* 
oTftffEn^/^y^ J: oTifi? tL^:3fe«|E^4 03fc7 r -Y fltlfi 

asrt^if *l a x $ nutria? r>f ^mfESHE 5-* -r^ft a, w# 

5 1. # 1 <0#2)Dfft>£gtcD}£7 r >f^*$ fcfc**. itria^ 1 *>#intofcft«53fc 

issffirt5v>»w^o^iE»2 <on >j h-ra i^xcoiriafs 1 osBBaniaeu 

OttJMtt 7 r '?<7>TiuiES£ {i, itriESS 1 OttJDM*8fc03£7 7 w 

m 2 cottM&>%$k<r>3ty 7 J s*<V 7 *><7) 1 ortuaSi"* J: 9 lv^:»LT 
BBS 3 ft*, S!*^5 0KfE«<o#7*7o 



(12) 10-511476 

53. %\<o±yrj^frh^2<DityT4'^itm j $*te : &L, mtm 

mm^ 7 v y y\zmnt s tixmrna 2<d7t^ ^om^m 2<d^v tm 

fr 3B3fcg*& ^ # * k «a ioi ? * ?t «> <7> t , 

mjfa^7 v^rto, tiiiE^^w^{Hf^?tL7t^^^^oTH(rf5«i^f*]<7)^ 

7*7 -t > 7* 'J »4frSE3fci|ifi&F«J-C«rSE» 1 <3 n - * <b ffiffB^ 2 <7> =r j - ? 

i ftlc: J: 19 Bu|E«^iiJ^-S* ^ , 7isJ:U t 7-fVU-^ titular 7 v > ^ W fc. 

5 4 . hi) IB^^^-f ji<* ^i-S^gliij&fEftliKrtfcn y^U7 £ 

tf#JM5 3 KfEftolMIt £ fciz?i~f*7te J: 0*7 >f v I— ? c 
5 5. WtBov^/U?^ ;v*fi?*-f ^n>f y ^ 5 9 - 7 ;u ff#ig 
5 4t'CfEm<7>»3ft7 l c#7'vi3ctiy f T-l' V^-*o 



(13) 10-511476 

57. m^^^m^i-^^^iimu^^^m^^^iy, m&m5 3 

5 8. mzgMz^&tt, mm^vp>yftimuyzm^bimiit2%;fcm%$ 

6 0. iffi*l©ty7*>r , Jlii?ilitf3©*7 7'f^l)i[1ilJSIS:«^L, hJ 
U%2<D^ty r >f ^titffi _ *3fc*'lilftli-* <t ? K, MIB3feili8&l*IK:flffMlRl-t- 

6 2. WW V>^P«3H, MfB3fc£:7-Y jw* V >^1-*^S^t*Sr*lRlft»t 

63. *^#^{i^-^f^-r*- KSr-£tf, 6 2 K3aft<a*Ml3 tifc # 

6 4 . TfrfS^TM V !/-^7*T-b>7*'; liCdMnT e Sr^tr 7 r 9 7'-Jft36 



(14) 10-511476 

6 5. muyr yr~mytmt7km^ k- yztitzc dMn t e m&m 

at, 

^ •> > ^ t > 

#tt> ^OHtrfS^|6]#it *i £ ft £ TOMES 1*1 , 

> miB^j^rt^BiIIE^2^3U^-^^^Hlrf2^1<7)a'J^-^^<755fc 

£ . #E:££-i!l^-S * y 7 is J: z/T >f v 1/ - * o 
6 7. flifSe^gRrtlw^v K-tc*:m A^fcSfcKAtr, 6 6 Kffi«*>& 

6 9. mtt&frttiKmfaT&^&ttmKftm&toKspwtett&tT* rnxme 8 



as) mmw- 10-51 1476 

7 i. mrfa^l(±v^v^^^oflfris^:^-7^ >j y y-r&^mtmmjtm 

KWi:ny^;U7^ ;v*£^<^ TlfffE^-^ limiEn >^/-*7s 7 JU^KfSnt 
kft&ai^&^u HtriBn> ; y/N^-7'f ii]im5fc^^^l?mV-^fal;£^£ 
i£$r-r•^>^ M^^6 6 KfE«<7>ft*f ? 7*5 is J: lfT4 v w ? 0 
7 2. mfBD>^^7-f ;v^(i^^5E^^*i-^M^±|pI^^^fe3it> 

7 4 . mZJt\m±^~*f*^&-1)^mZ%*7 <i 'J >^1-&^J§£ti1itfE3fc^ 
S&t*j(cn > yrt^-j 4 flfriei^-^f limTlBn >^y^7, y j )\s?Kta}fr 

u flfriEn>^/^^7-Y^^ti > ■sfriE^fpj-r^^a^tfrfE^ i<7>^7r-f 

mriE^2t7)^7T'i'^^il J fTrs^:^«fS]-r^«J: ? fc, BufEMJ^±HmrlE^fn] 
T-f V V - 

7 5 . B>rfE3fc?I(i^-^f$r^^OHfr|E^:^7^ )V? >J > ^ m$1&U%M 
ffifilKvy ?';-<X7 4 )\<9*Sfr. IE I--- -^fJi HIE n 7 ^ ;w^Hf6]^ 

■5 U StffEn 7 ^^f±HtrlE^i^±^<7)miE^-^ai*^i« 

Bffu HfrfEa>^y^7^ ^?(±, BtrfEisr&]-r^^>6 J BtlE^ l <Dtlt7 T^^fr 
^irlE^ 2 <7)^7 r -f ^lijftff £ y=\ ffrffin > 7U?i:J:oT 

isw $*ifefris^--f^?>o3fc«-<HiR]-r* <£ ? mriE^i^i*i^HiriE^[R]-r^ 

^&ic#LTfcStttf m^Me 9 ^IE«cO^?I $ tl^: * 7° 7 *5 «t^T-f 



(16) 10-511476 

7 6 . (frfE^T^ VV-3't7'7-b>7' l JliCdMnT e *^tf777f-M 

ft#JJC6 6 KfEi^^MfStL*:* 75 43 Jt ZfTJ V V-* 0 
7 7. iul2-7T 7 7*-tt*Sf±7lcSft5& s K-^ , ?*LfcC dMn T e *-^tf> 8t*£ 
7 6 ^|E«^»?^fc*"/^±J JctfTW V V-9 0 

7 8. «Jfe03t«^f>^€-?-*3fe7r-Y^^y h 7 - * <7>:£7 r A '*±KiZ& 
7 9. ^-T^fis 

□ t *^r-r*«f 1 >; -rt 3 miBuniifltrfE^^ < 1 & 2 o^a 

t *m-r2>m2<vz >; -y*-^*, nines □tttirtE^* (Hi o^m^? 7 



(17) m mW- 10-511476 

8 0. ffim%7°7<V&*\*2^<DAt)yb7 7 4 100(11**7 7^/^ 

#u utrisns i 'J -t\ mi£H2 <ox y miens i y.*- t>-r*^ 

isi 0^2 «3 'J ^ - M-a^Sli, Btie^ 2 o n 9 ^ - 1- t5 3 M;£ 

-htifg, *J:Cf*2<^nV p*->i-4#IE»i, flllfS^ 2^3^ - h & 
^j&7^f2A#*:7 7-* *>0#* 1 o^t,^>36M*l«rSaW^73te7T>f 

(7)0 ^Of|&& io|:a'J^- hi"* J: -9 , SLWcfcj- LT^^-fr-*? > 9! 
^ 7 9 HfB®co{5ji"f-^ ->XfA. 

8 2. nt±2K#L^> 31^8 1 ^|B«wf5JS1"* A c 

8 3. nJ*4fc$LV^ §1*^8 1 JCfeft<7)teBli"4 ^ 

8 4. TffifB^fc < * 2 -o<DXtl^ty T 4 ^<D&iQ&.frlt, 3 T £ J: TOIB 3 T 

8 5. Kfa^4< <!: * loom#*7 7^ AOftfBSfraEfrfi, =r T*5 J: tft&IBa 

8 6. Htria^ii3cto ? ^2(7)3>;^- h-rs#S:(i#^, 1 /4 e 7fG r i n 

8 7 . IffiSSflS 1 CO* V -rSfiHUfE^ft < KD\13%7 7 A ^(Dtffit&ffi 



(18) 10-511476 

naif? u 

tzm 1 (Dfi-fy m%V^y~^idXxrM<D J m%i(Oijy'y{t^Ki^m 

8 9. B>rlS^^ <^ffi^(=0* ^7(±fIfE* 1 (DU-fyfrhlJ^T- K«^$tU 

it, ^o^i7)i2 <7D*-7 7 ^rf^^-^Kigmzii, mivmk<r>?sy°yvm& 

8 9 KfEitCD§JPt£ ^^r^o 

9 1 . itrlE^^* -?y<r)&* {±, A*pic'fi-^«D^^^^2 is J: 0^3 Wfty 7 
4 ;*l*lKfrm-f2> X n ittz y -f *M-f%>, mM*M 8 8 KfEf$?>M 

9 2. y°y Ji? £>K, 
fftfEff* 1 o*7 7^^Si, 



(19) 10-511476 



W&^8 8 »wfB«^)$IR4>'Xr A 0 



(20) 10-511476 

wttebft? 7 ■< /<* * £> k. 

* *L J: o T -C £ £ % S «fc IF v ^ r A 
5, #«fi7>t!)#-i (WDM) A^^fti^^r^^T^VU-^ifl:! 

J tt 1 o£A±?)A:7j 77-f /iA^O*fifS:i-?)lii* 77^ ^-Cffl#*>** & 

[3 1 A tt$fcfT&4l5<*5 2 X 2WDM*7*7<7)i^l)o l^*7 7^A'i7)^7 

£Bl&LTv>& 0 * 1 0 li> 2o©A*7r>f^l 1, 1 2 is J: 0*2 0(7) ft 
7J7 7>f 1 3 , 14 *^r1-*o il <DK$J ~7 7 4 ^ 1 1 litftAiOif« 

sl, »2^77>f^i 2*±jKfiA 1 ^#-^*ji83ai-r*o affi«jK»ix 01 

AK^SftT^* J: 7 fc, fc/i 1 o©^7 r>f t x. Jfffi* "7 r 1 3 
«AiWlf«jiL, -^m<Dihtiy 7 A i 4 a » eUg-^- 

*^S"C2b*o Aifl#^tH7J7 r-f^ 1 4 £ fc»J A 2^^t)y 7 4 

1 3 Kmtl2> t?U7,Y - ^**jfei* 0 



(21) # g?¥ 10-511476 

7& X TIT 4 V V~ ^git^oT, CltUiD. G. ^JUHfe (D. C. Coult et 
al-) © 1 9 9 2^1^2 lBCM$^*i#^i5 t 0 8 2, 3 4 3#fc' 
StWS*lT^4 0 S»3*lfcWDM#7?tteil BKi^Stlio (IIO'Mtl 

7^ttS 0 2 o<7)A*7 1 5*5^0*1 6 lit 4>(c-^ii!? tts &flt3*ifc 

7r>f^5)WifH3 | J - ? 1 8 Hfn]^9 o %2 <7>n 'J p< - 9 1 9 fin 'J * 

So rj i; ^ 1 8 & Jitf 1 9 ttEU-*5V»TttaiJ|!tU>Xfc LT^SttT^&o 
lATJ^r^Ml 5 ttSEft AiWfg-^-SrlR&l-io §2(7)A*7t^A1 6 

r m l 7 fi a * co^-^^rMS^-r So 

t 1 6 k<DM<D?VT, h-^tc J:o"CRIt3*Lfe Ai *>te-^AMlR£3 *ia 
Ct-C&So JJlTUffifltiJ: 5 A 1 ffl±IIWC(U*7 r^Mi 6 CD 
^JCSIt^jL^^^-Cafe^o *R*fcfi, V>< ^^AifW*77-<^l 5 

» 1*86 * :£ L , K ffi<?D ftS* 9? 31 t * « L T « ft tz £ f> o ft 14 fig <?> £ % 



(22) 10-511476 

i^^li> ^ 1 cox 'J -7\ ^ 2 <oz. D — "7\ *K53'J>-FtiGRI 

lilt*© U >X * ft 4367 r 'f ^9 *ftftt4 o an <VX 'J ffiffi 

JGU:«>A;&ft7 r-Y /*«>SfifrEJ*«:3£*rrs 0 SH 2 cox 9 - fit, fgftlu £ 

JtfsMfraalKttK^fTfciaPfc^rU £oWPWt£l?fc< l^!B*i7 

V>& 0 f£ 1 OX 'J - 7*<7>3?fi®G01«r<7)ff§ 1 (7>n «; p< - h-f* G R I NU>X£tzl* 
iffiffi<7)Htro^2 <7)n 9^ - hi-^GR I N V yX f fit£*<7) V > X ti^& < t 

^^co^i 0^20=1 y*- h-r*p>.XHU i xt}%7 7 -i ^frh<r>%m 

tit A. tfytTJ V V- 5> conT $tz\±vy 7^7, 7 << )V 9 & £ '£ „ |fl 1 is 



(23) 10-51 1476 

y -r )\s?\,z X oTRIt? frfz3ttim2 <r>\t)7 7 -i /^iiitU HI l o 
A7J 7r^f /^t*Tn y ^v-?;* y 4 )V? £i§9& Lfcft* s n y j )\>9 £ 

n 1) ^ — h ZfrtzJbt LXBj& J:^(c, 7 fr9 lift 1 <£>3 IM - Y-n>VsX 
Km LTSSm? *U \ fifty r >f ^*>S»«i:5>fc*# LTSEg $ 

<7)|§^ ii £ 7^ *7t^ /^fflUfflU^ i ?/367 r -f AJf *B$<*> fc#><Dtf >¥><7U 

7r-f^tce3li-ifc*«J: 9^*f->x-r tw^x^Ali, v> 

K*#U #^>f*- K»i3fciI«D 1 oUW L^*^«6^a^^5c7)^#^-^^ 

ftftK, ^<r>%m\*. WDMity 7 J s^* y h 7- ? ^fem^cy 7 4 ^K&if 



(24) 10-51 1476 

9§K i 7° 9 14 a > 9*7. v -f A^SfRilM&S ft 

&o ^fy^fA^i l ©*/7 {4f5ii7fc7 r -f 3 *Lfcf& l coft? r-f 
A*tfj c «t «D# 7"? MWcfc J: yfjS 1 7*5 KSiR? 

0 3 f4> 0 2 ~/*7<D\j3Jty T 4 *<7>$w<DW$8im-C$>2> 0 

^t£*-*-0-c&£o 

<DG R I Nl/>Xt LTftf^i"* J: 3 f£ft£ft*: 2 oco^*co V > X£ii£ 
06A^£>06C (40 2 <D*^7^^it-r^^x-7 < o^£jjt-r o 

09A^£>09BJ408?>;*; ? < o^Sr^1"o 

@1 Hi, 0 1 0 CO* 7"7$-g®tSl!)i^T "7 y^^i-o 
0 1 2 14, 0 1 0 <D%7 7<DM : J&<Vffl(WmX~$>2> 0 



(25) 4$St¥l 0-5 1147 6 

|2 0(i, WDM* -y h rt - ? <r>?z&<T) £ &&/v?z&&is 1±<D 

B2 1tt, WDMl -7 h V — 9 (DtittxD Z\ GOl&fjfJ H <fc &S!J?)f£S V.X f 

E!2 2(i> WDM ^ -y h7-^<7)7t«?)<7)i<7)||^m;^>[l2<7)*7*7$r^fflL 

El 2 3f±, 0 2 2(0*y5tf>Rjt¥»«JEt^ny > U^57T*4, 

[3 2 4 ti, H 2 2<D*'f7<n 1 ofc J:tfv» < oj&^waj-J-fcjfc^A? ^ - 9 <D 

0 2 5 fcU WDM* -7 h 7-? <Vtzfr<DZ\<D^W^£ &Wl<VMA,fzU'y-^z/ 

t a <o rf o y ^l2|-e&&o 



(26) mmW- 10-51 1476 

ft T Hi/* an 2 mXjjity 7 4^3 0£J:£/3 KaflfiEJ*** ifyy.7, 

, ;-t'3 3<offlb*m*>muus 7T»Hx^i. iw;> mtiy74^3 2 

is J: 1/3 9 <r>1^U.m±ify^^ V -7*3 6 <vm.m*MZ>$%H3 3 8"C£«F**tT 
i^&o I'i-'/S 3ti4g£$Lrb£rgc>an£*rU d*U±Mb?**-GR IN (Saffi 

6{*K*4LyiftgF<Bffi*WU CI tilt '/itf-ff-GR INU>X3 5 ©£t[e> 

AM7 7^^*3 OjSct^S 1 , ^^^1:^7677^^*3 2£sJ:U f 3 9 <VM 
EM\±*J v * y Y<r>it^%yr-iJMz. JcoTtTMS^&o #77>f^37fiJ: 

+ Km< 0:ot i l)'if 5 ^<TU^o H3 JiX'J -7' 3 3<7>^P§&3 7 <7>fNffl& 

^^<0*IM*^7 y f-f >^*<^]SS-e^>S 1 2 5 T'$)S 0 HP^3 7 ?>[t# 
2 o^)77>f^3 0 £ J: Cf3 1 y * fcJR£T£ * 2 5 0 ^ PI 
flue, x >; -:/3 6 ?>PP£&3 8<Dttm<DW.&lttt\jj%i'7T'('<3 2&XV3 9 
<7)|£* icjjffl < 4oTv»J5:v>S|BEi*SrJR$-p§ * J: 9 I: l 2 5 // 

A^7 7^A3 0 JScfc 0^3 1 ^?>^liGR INl/>X34i:J:ot3^ 
-h£*l&<, n'J>- hStlfcSfett, #2 <7)G R I NV>X 3 5 K £ oTtb^Tfc 
77-{a'3 2i3j:O f 3 9<75SffiUjS&&£ffO f #*>3*i*o L^L&rt*£>> a 7* 9 14 
AM7r>f^3 0£j:tf3 1 frhtbjjfty t4'*3 2*5 J: 0*3 9 ^<7)3fc#-5§-£ 
S^L^^o 0 4 12. Xljyty 7 A ^frb&t)%y r >f /^W^-^O^SI** 
H^RjsJrD 5 T+J CR^LT^i, r 4 0 j^fbOfcK a 1 <7)5£ 

11^367 7^^7 2^^lt^*lx A7J:ft;77^^3 1 ^ ?>}£:6 A * <7)3fc{i ffi 

f&tEWKIi. 2 -o©|/j h* 7 f G R I N U >X 3 4 I; if/ 3 5 (i, 2otf>*gU^ 

'/ze^fGR I NL/>X8 0 (Dftm&TFTo 3l±J4tT^^GR r N >X 

8 OA^offl^h'-yfGR I Nb>^8 1 &±&8 2 t:i:0-$£*l#5^FJr£^b 



(27) <&m.¥- 10-511476 

TV^ 0 GR I N1/^X8 0liii8 6 ^ >X 8 0 <0 — K*5 It & 

*|8 6±<&3feig<0&Att, W>X8 0Oi«3liii-e*l8 6±?)jStA' t LTUtt 

$168 6 ^fc^rff ft* J^CB itUyX 8 0 c^^If-eEiaifclgW 8 6^t>TitT 

H2iC|g^$*LT^*J: A^J*7 7^^3 0£=tt/3 3 

iM&$>$:Un&3 7 K\z y ? V kffi.£ & o 7 7 4^3 0&XZ/3 l©^-;f 

4 ^ 3 2 J3 <fc 17 3 9 fi* U - "7* 3 6 & + PgB 3 8 K y ? 'j i S , 
77-f^3 2 £ J: £7 3 1 9 ? 7~-f > ^ {2 Cl *l *b 2 00 7 7-f^«037<7)W© 

3 5li> 3-fr>ftTli^<5 ISfpjrfe^Tti: 1 oCD}4tf^^©GR INU> 

X*3&Jj£-$-* 0 Xt>yt7 r<i'*Z 0, 3 1, £ cfc 17^*367 T-f^3 2 , 3 9 
SJi^5b?tL7^G R I 4*3«tO f 3 5 <DmW^ffl LTSBK 3 *l* o 

*ba»&5&¥-f:K* fc, GR I NU>X3 4 <3— SBiBfc:*t *i* 0 - 

tt*t)fff*L, AjDJty T4'*<»ELttK <*«fc?KGRINl'>X35 ?Mt&c9 
aS^BStwMLTE1B?*L4 0 i^igf, 1A^77^^3 0 (3 1) ^^7^ 
t>0*i±. I^^/c/4t'.^GR I N1/>X3 4*f<kO ! 3 5 <Z>flEMC:|S9 UT 

A**7r>fAiSWc<4ai*jfc7r'f^3 2 (3 9 ) ©nTtiotSiJf, 



(28) 3?¥ 10-511476 

, G R I N V>Xo#**teflfr&*fitLT*i 19 „ Siiifci: •3M"C l *i)^oH-X14<> 

B6A"P0*Ui»4J:9U, GR INWX3 4©fIlt £ ^ T |f Sf L 

Att, G R I N 1^>X 3 4 ^IKttfcSiifcSFiiis^k 8 - 1 2° 2o<oA 

7 r >f '**>SfilZi*Ki3 »t* 3T&£V?9yT t 4 >?~i±&* l~ffl (^otv 

KHt, 7 7>f^<©«ti«1lf$n.fcHF-»«[^aijgLj!ft»t?)ti4o ^77^^ 
2 0^(1, 2o©7r^A3 OiScttfS 1 <7> 5^ M£^t&K + $ <£> 

<P$:fflnU3 7 S-ttidW^^X/iJ^rS 3 fc*¥A3*L*o 2d(7)77-f 

&o V - X3 3 (VmmitG R I Nl/^X 3 4 <3fFISi PJCA&fcWgS *t 

*o RttKfJhn-TM >m>J-/3 3*>llirffl*5j:i/GR I N 1^>X 3 4 Off 
®icjfe?tt* 0 # 'J -X3 3(7)Htr®*3«tO t 'GR I NV>X3 4 OWiBUiSfc 

*f K £ ;}1.& 0 ^-C0H<75ggl^|{i 5 ~ 1 0 ^ mT&£ 0 'J - X 3 3 33 J: O^G R I N 
uyX 3 4 liU VlHfc^***v4 9 i fciil^/i J: o T£#gfc£#3 it*o 
HI 6 B tiTv>& J:^;, X'J-7*33 »±3fe "7 r-f /<3 0 is J: 3 1 co 

SBSr^-ri^^V 1 ; >f 4 6 ^JfH-teS^ttktU 7';-73 3 & it/G R I 
N VyX 3 4 *±X-r > I"**"?-- ;U£)v"J ^Xg!^? v > X 4 7 O^^^^Mt" 
* 0 ^w>y4 7 Ha') * ~ ? w^T-tyy*) 5 0 W^gB*/*- ^Bfi£-t* 
o x*^->4 8li> n^f^'^hjtl^'^^'J- (Danbury) <r^^v^Yu^4\- 
ft (Electro-Lite Company) ^^f)M 43 1 <D X 0 4 >*> <7> "Cife * ^ t7'7-t 
>X>; 5 0 ^fitC^tlo 



(29) 10-51 1476 

3 5 & £ m::^? r /n*3 2 J3«fc If 3 9 £v 'J > rm^^T '^VW 7 

4 5 1*l<ai£teSfc£#-*-&o H 6 CKd^ LT^& «fc ? 2oc?)GR INU> 
X3 4*5j:U f 3 5 wmiBliSv^MLTffiL3fci(iS!&*^jaL-C^*o t^7-b> 

3 1 ± <7} {itB;b7fc 7 7-f^'3 2 is X If 3 9^bmM-?2> 0 

2oJ^JL^3t7r'f ^*^'J -7*3 3^ 3 6*>**HnSIS 3 7 . 3 8 KffAt 

7r^^ ! GR I N V>Xcr>|^«iHf&oTiil9 , a^4o<7)7 7^/W^ 
Lfcj^oT, / 2 t*7fGR I N U >X* /cli 2 ocD^i^ti/:^ f y f ©G R 

&o & l*7'7M)fc7 7^At^3fc7 7'(^<!:c0Mi:f-f$:It/:ft^ 



(30) 10-511476 



**%^-f&b GR I NU>Xj&<«fc «JffitLT^4 <b <7) i ib ft* » n'RttiV^ 

I Nl/>X»ft*>OtcffiflTr*c: -5,, 0 5 B(i0 5 A<DJ4tfyf-GR 

I N1/>X8 0 S-CEHfcKi&fls-J-* J: 5 g^ftS ftfc 2 oot£#e> > 

X9 0**1^9 1 Sr^-fo 3fctT- AWRPft, +*R9 6 D ;& J: tfD' 

*x^ti, &&<o\t>%iy t4 ^^(D^tm-^^^-^thtiity t4'Sk a 

A**7 7^^'7 0 *s=tu*7 1 <aSBI2J*ti, ^7^7'J-7*7 3 

367 7^/^7 2 coSHEJ***, ^7^^'J-/7 6 ©JBttS-ilfc+^BngB? 8 

IN (£jgeJSiW V>X 7 4 «t o CiMLfcfltiSISU^S. 

r4^1 1 &£>OHcm;rj3fc7 r >f ^ 7 2 <DSffiEJ*l43fc:7 y >f ir 

4 < T<b J; v> 0 



(31) 4$*¥ 10-511476 

GR I N 1/ jfegfticgfi t j#Ati 1 1 S. 

m 8<D* -77<V^m&)l~i5^Xli., %T4 7l/-?<?)37fi^l 2 (75 G R I 
N V'VX 3 4 i 3 5 fc^Wfcfll LTt § & * ^7 **#BMS8B*£- 

, 5Ci: otfltf'a V^-h? *L & f A: Ji iti ±) V r 4 3 2 



(32) 10-511476 

(D^tibK GR I N V > X 3 5CJ:oT3'j>-f? ^A±J 7r>f^3 0 & X If 3 

^OftfcjfiBrf *o *T-< V 9 aTOttfflfclW-f *l&IJJtf\ 1 9 9 3^5^ 
4 

B^ff $tt3S^W*A^SI«*nfc rftTW VW*J (Optical Isolator 

) ^i? frtzXm&Pfms , 2 0 8, 8 7 6^[:I?)tl2)o 

HI 9 A £ X Z/m 9 B fi ^ V J - 9*t-r7-\zV-fV 5 0 t 5 1 t^l^T'fVV 
-^377t>/'J 5 2C«I**t. 12 9 Afc^^E 9 B Ki3 It & * x V ~f\t 

'J 5 2 {± 2 o«50M5f^p a a^^:Sl4 033J:a !; 42£:7T 7f-fSM4 l<aWtt 
i-^"i-*o 3 ■ocom^ii^^y^ >^4 9 rtcoSffifi^^^F^tt^ 

o >^4 9 >^4 4*ti^aJt4 GR I N^>X3 5^-^t#^ 

i-&o yym*)^?* 9<oi fo^ K\±y r ?rj ss*§?4 1 1 1 i>Km%-f 

tzif-^y Yttz\t. Y I G> isJrtfTG G *-&tr 0 

&<7>#fl-f;JU 1 2 0 0)5^ 1 6 0 0 nm?)*£fc#^TU;0Mfrfc-$ £ <iM^T& 

0 L*^L** s f>x ftr-* y * X *) fiv^ifcft, #5eW»-l±. 9 8 0 *.}; 
[/I 0 1 7 nmTi^ti V--if i: t & KlSffl £ ft£ o CdMnTe (* K3 £ 
A-7>#>7^WV) $ fcliH g * K-T'StLfcC dMnTe itjz £ i/^^f£t 

L > d H LUT U IfclB 3 fr* «fc ? *&8f 3*ifcWDM#:/?i3J: 
XfTAv \s-9 CS^Li^i©,): o * J: 'J ffi^^ftfcis^Tfc^S&ttfcf&ft?" 

7 r 7 7^ + < tii fc^SSo CdMnTe («t 

iJiEfiH-fiC di-,Mn»T e) £ /tl±H g £ F-7*£ ftfcC dMnTeU 

1 2 0 0 1 6 0 0 n m<Dyt<Di$.&K&Y>-ZW)ft-f2> 7 r 7 f -i Siftff £: LT 



(33) mm.^ 10-511476 

IH9B(±2oc7)n«J;rf-^-9--7*T-t>7" >, J 5 0**1/5 1 & h IfK^fcT^ V Is 
- 9 *)r?T 5 2 £#tp^4*:/7 £5*1-0 5fc£&^S(i> /.MKfcStt 
* J: 5 2 1 mm x l 3 mm©i*fl9tf!I'Cl4 1 4 ;fce>fc?>*5/t * 7 

a^"^-;5 3 nifem-«>cii:*«-c**o £<?v^ ^- viii^-^* .to 5 ^ 

o 

G R I Nl/>X/*7 r W ^^T-b> ^'J , * J: CWFfcSilB-*-* 7>f v V- 

5, 2 0 8, 8 7 B^t'&bit&o 
M 1 0 (iO 8 <DtftT4 v P-3'f/7-b s /7' , J *BI 7 (Ofj-/vK¥^X \^tz^<D 

(±AiJ7 r-f /^7 0 * fctt 7 1 <D^T tlj^fc T -< /*7 2 fcjfi* it^t 

fcbifr 7 T -f 7 2^f)A*7 7^fA7 0**0*7 1 ^<0}fc[± j£H?f $ tL& 

o 

7 4 )V 9 t jiff g ttfc * 7*9 
>X<*>WKi*A3*LSo L*ftJEE^'I4^R***2 o(?>G R I N 

fctxtf, Si 1 (i 2 o©/ 4 h° 7 f OG R I N U V X 7 4 t 7 5 t ©FI©d y 

y 4 lis? 4 4 &-l»x_fcia 7 <D%-f7 ^tLTV^o 7-f^^4 4tt*7 b 
*7ifci££^rL, -f£>b*>> 7 & 9 4 4 li£*i£±l|.&ifcfttf>:3feliJi U ill 
*TI@Iia6SW3fe»iRlti-£o 

77^^70^117 1 iT-jJ^^^^teft'G R I N V >X 7 4i:ioT3 

fc3fcfi, GRIN1/>X7 5i:J:oTai7J7 7^^7 2 c^SfiUS Cfn U ^ - h? 
*i&5&>* fctia,, SlJE a <7?AA3fc#-^* s 7 7-Y /*7 0 <?)±£jfi 

fr*"& f jeT 2. CD 4 P> ii\ d^^D-fi-f-fi A ^7 )V9 4 4 y h^7SIJ: 



(34) !&St¥ 10-511476 

* 4 4 J: oTRIt? ft£ 7 7 A 7 0 frh<r)fttfG R I N V' > X 7 4 CioT 

7r>f^7 1 ^3SJwffcrftjSS:#*3?*L« J: 9 GR I Nl/>X7 4C«#i:HL 

T@Bfi£tL& 0 2o«7r^A7 0 t 7 1 i«?M^R|*IIB«tttIM-C**o W 
DM#:/^{±SS|SgL 7 r-f'<7 0*J«J:C5 7 1 Wf-yf GR I NU>X7 4 

WDM* Xy^ftj-ftfi^TeDi 9 KSJSSitio Xjj-JrJrtl Q&ZIF7 1 
tf>Sffla*, #7r^/^sg, #£«)i:ii77^^37!4 s GRINl^>X7 4«|| 
fll^fc^T-f J: 3 ^ GR I NU>X7 4 <7)-^Mlc[||LTg£fiS *l& 0 
±atcDck5^s 2o©'/ 4 1: -yf-G R I N U >Xtil!jfP_Lii 1 rXDYtMy ^GR I 
NU>X-&BScT-So Lfc^oT, Vat'^^GR I Nb>X7 4^il-oTii?tU 

GR I N^>X7 4 ^lotn^/U?^ Jl/^ 4 4 lc X o TRjJt $ ft*: V r -4 
X7 ^SH^fciBfT'f £>3*lfc 77^^*7 0 ©SH^fc tti& J£l* $ ft £ 7c; 
ft&o M«<7)^i6H. 7^1/^44 H«t oTKIt£ft£ 7 7<< 7 1 frh<vyt 

<£oTTOm££^?V&bft§o 2o<D l / 4 tf yfGR I NU>X7 4 

i5^TfItl,^i t § & ;?> 90 06AC^tXf77"OiK, ay?*/-?;*. 
•7 -f 4 4 , ift K it ?4 $ n >f y ^ 3 7 - y 4 )V 11 2 1: H^-r 

4J:7i:, '/4t'7f GR 1NI/>X7 4 <Z>¥^BuffiKIfxft tf iftSo fttTWCU 

^^o^-y^7^ ;u**mttG R I Nl^>Xcog®^@^Wtt^)i <t *>-e£ 



(35) <8*¥ 10-511476 

HJ, 7^;u^44{JtS^GRINV->'X7 4 LT^ffS CI £: fcT^, 

WDM* ^wSUtf^ifcfflliFia l 3 *ia 0 i<o*B#HJi, n > ^/n*^ y 

^^4 4^ 02C*^?©GRINV>X34I:35 t <7)H Kif A 3 fli 0 
fj-fylt 2 o^ltf^? r-f^3 0 > 3 l*J:0 f 2o©lll*77-Y^3 2 , 3 9 * 

, H4 UI83*Lfc «t V ^IftJjy t4 a 3 0 , 3 l)5^to7r^^3 2, 3 9^ 

4 4 fc. J: oTRIt?tL7 r >f/< 3 * ^^it^S, 

3$>U» 2o^±(?)^7r^A*X l J-7*3 3 , 3 6 P£B 3 7 , 38 

WIALt^iK t> P3P§|S3 7> 3 8 <^)g#Ji, #iD«J* 7 r>f A* 

iK^-e^ & <fc 9 fifcfcS ^fatf* <b&V>o 4 X 4<E>WDM#:/7-Cj£?&Lfcie*3& f 

^ft-T^So 

WDM* :/9<o£v»5rl*14tB*±* H 1 B«WDM*7'5i:l?IClS^*tt4W 

DM^/^Com, m 1 B^^T^^WDM#77£<£^llM^MiSLT 

f?fi 1 o^flo^ y *-S^#£^<&«£<0#>7MI fc?'-;* M"S 0 £ 



(36) 10-511476 

WDM#:/?i3J:tf7>rv^-*£ifiWfcft4o Hi 4 li ,1*>|&E|£> icD^ ffi 

Ai^^SrlRSIT*o 2o<7>GR I NWVX©MKttn>^U7^ ;v 
?44 »K i*LH^-< * n4 v 5 7 4 )V ?X~$>^X , A1)77^A7 0 <OlBL 

M. A 2 £T® *) . Xt) 7t4'*7 1 coiSS A i Sr±lll* it 7 h * y®.M&^}-f& o 

4 )V? 4 4 Hi oTKItS titzXtjv r -i '<7 1 frheiJt&Xt) 7r4 >*7 0 <V 
«i:GRINV>X7 4i:J:o TS^iA^^ S J: ? GRIN1//X 
7 4<^«E*l|K|5ILTE1i3*l£o A*77>f^7 H^^)*liA*7 7^A7 0 
fcSifcft, ^77^/^7 0^f>^3fcJi3 'J h ?it^:3fct LT7^J^4 4 
*ilffPl^ GRIN1^>X25 IU*7 7^^7 Qfrh<7>Jb*\&tl7 

0nm©M ©atfE-CRlf^i - ir^V-fCio TSjfe 3 it fc;3fc 7 r -f ^if 4>I2? 
tifWCafttli. tzbx.&. 15 5 0 nm»ft©^f -b-yftli, 
?ftfc*77>f /*i#*B&* ffifili" 4 ft K * > U - If «t «9 Mv^ft * 1£ 
ffl1-*ifc*«-C|:4o t L'K>:/l'--fa t l 4 8 0 nm^^^tti^)^ h 

2 9 |*JT«ffl 9 8 0 £ fctt 1 0 1 7 n m<D# > 7>-f* 5 3rit^ & ft 

£>fi\ CdMnTe«7r57*>fMS*fffltS'<^*S, & *> * ±& 
<^*@#ff»5, 2 0 8, 8 7 «t 9 ^%m<VT4 V V- ? 



(37) 10-51 1476 

nT eMnut *>T^ J: 
WDM* :/9 £<£ IfTJ V ^Jiffia5"C*oT3fc7 r y h 7-^ t'ftF 

mx 1 3mm<D 1 4 if * 7 9 4 M y f r- V fc.£8f-C £ 

>f^WDM*^i:ii/>T0. 5j8*S>1. 0 d B-C&^tzWKifc^, 0. 2d 

K0. 1 dBTfcofcflJKJfc^O. 0 1 dBfl^it^WoTl^o 

* b fi^T® < „ frtim&l±feM2titi7 T^a^K^T 1 8 d B 

-C*ofc(7)^Jt'<3 0 dB^ix.T^4„ H 1 Bi5«tl/iai 4^*7'7(:ci^T 

4WDM* 0*T>f V V- ^fij&WffifcfcAo 0 1 5*4, CIOMm: 

n'J^-^-9--7*T-b>^'; 1 1 OJsitKl 1 1 ^Kf-T*^^ v> 
?'9 9 £:fT&o ■9-7'T-fc V^'J 1 1 0 fi 2 o^yfe? 7 -Y 1 0 0 & X V s 1 0 1 
<*>SSS*$#U t^7tv/'J 1 1 1 M7r^A 1 0 2 <*>SH #^ 

-9-•7'7-fe>'7* , ; 1 1 OOlfflfc* IJ-tf-yT-feVy ■J^HUglU^ttlt^tlTV^^ 
tin > if 7 a ju? 1 l 4 „ ^ n-f y ^ ^ ^- 7 ;i/ ? l 14 Tab&o "7 
>f /W* 1 14 <^fr»-fi, 2 o<?)t/7-t:> y; HOtlllt <?)M<7)7c;®E&^ 



(38) imW- 10-51 1476 

r-t>yv i i i <D-f CiftKytTJ v v- 9 ^r^-yr -*:>-:/<; l o 4 

o -tj-^T-t^ri; i o 4 nisiio^t £>ft&&ep^ i o 4 ^ftH 

A?if*B&i, MSWi^Jl'tf^A (Er) , ^7t^-yA (Pr) , *;*->*A 
• (Nd) %t'<Dft±m&m*V-7°Ztitzyt7r 4 ^ktfy7v-4fkbi>KW) 

•to-fJ&tTfT^ W-9^<D* 7t-y|^« * £> 0* »c V - ^<bcD£ J: 

%7r4 rx\ o 0 j^e>60Jf*B3 *Lfc3fc##»±, t77t>7'J 1 lOKioT 

3'J^-f?ti, ftttn yy^y, y 4 )V? i i 4 fc[flj»t fcftfco ffiBf^. v-^f 
5K>^ , »i3fc7r^/'? 1 0 0±<D* ft-v f M^>ilfeft*Tll«>«itc03fe'li-f-*l& 

i(?)7E;lin>^7^v?l 1 4 IrI ? „ n > 7 -f 1 

)^ 1 1 4 K J: of Sit 3 ft, *77>f^l 0 0 f LT3t7 r 4 ^igm&^bfa 

&M.*7'7&£VT4 Vl^-^*aat4> v-fe-v#-^-*it<Bi-4o 

* ^-tr-v#-^-co-ifeg(4u>'^/N*x V-Y fl/* 1 1 A<na-y h 3r y vSS £ ± El £> 

^'J-^lifi^ffi^fT^oT, £*Uiii£ A/fCDft, 36<0#b9 7 
ftfift^^ K^^7-f H118 £*Ui;rf -k- >Mg-§-oJaifc&feW1> 



(39) fttiW- 10-511476 

*i& 0 -if rr-tvyj i o 4 ii, n * -^^-fr^yf) i i i frh 
ii^a'j^-^trr-bvr'j i i o Kmfr^Titmffi^T&'irimr-rz-r^ 
x<d ft£ &Wf-t z> 0 v v-- ^tyr-t ^y; i o 4 ^t><±, ftt±^n-»f7*7 

-tr>y; 1 1 ltcji^n, .T*Uift£ft7 r-T^ 1 0 2 flJjfiKft A. 
l&^l 1 7 fit fc, ^T^T-t^T*'; 1 1 Otl 1 1 £ <7>ffl<D ybB:& frh. y * 

zm&iz^&o ft#tai§?iiiB&i 1 5 it^tmm^yt^^m-m^-r&c l^^o 
t, ytwuti%zm%& 1 1 5»i, ty7*>yj 1 1 o^-^T'T-t^y; 1 1 1^ 

<D3t<vm**:-?-t& 0 .ItUeJcoT, 77-f/< 1 0 0 _h<£>ft? r "-r^iti|>lf|0 
0 1 4 JSJO^IH 1 5 cO^?I?ii/c^-7'7*5 XXfTJ V V - ^SHtt7 7 -< ^ 

^iinc{im^7£>ft*c^&o ^^f^ 0 1 6 k^c-t «t icft? r /^feitst r 
aiRi^j #y7°&w^%& &i^w%tn-rz>^ti>x~%ho z<oWi&\$, ft? 

p< ';-b-y|fli*77^n 2 0t5^^>?v>^*1 3 0 1*1 <7>JMf 
3'J> - ^:/T-fe >?*'J 1 2 4 IC J: oT3fci#3 *l, 377-fV ^T'T-t 

>yj 1 2 9**3 u ^ - ^^-fr Kwwthtix^& 0 y-mzyy) 

1 2 9<D^Kit, U>jr/*7>y 4 )W 1 3 4 £ J: W^-tf- 1 3 7 ' * s * 

*o ±M<t?J: 9 ^ flSlWl 3 7 (ift^^^ftoo-gB^^^W^^ift]?-^, 

ft^tbtfias&i 3 5^fp]it> -*K±*TOm^®^ft€#^?i s ^-t-^-r&o 



(40) mBkW- 10-511476 

li*7r^/n 2 1*^12 2e5^^"9>f ^3*LfcSS*3:^F-r*o 
<OtH^)^*?f $ *ijfc# J: V7>f V * t3l*o trr-t^^J 12 5 1* 

^12 0 J^S>&»? 7*9 X Xf7 4 V V~ *^a|t>ft4o 

1 2 4 *$§SLfc8fc» * ^-t- v-ft^Ji, 3tfiE&»-Bo"C-9-^T-fe 1 2 5 

&#Wfc3fctfctfJ£iafi& 1 3 5J:[Rl55^Ti[pl$*i, ^ y-fe-v-Mfc 

-t > <r> h co «E&<7> t'co^m £ -c & e - a fliiRi n f» l -c @em-f * i t 

Ho L^L^^^s <> LP>^U7.f fl/* 1 3 4* s t7'7-b>7 , J 1 2 5 <D 

iic if-AjgiRisitML'rBes-rai t t-c§* 0 01 4<*>ii&fas*K:':/BB 
te^Tte, X13 * y -b - v H^- £ J: W > :/ 1/ - -f a* *b <o Um nibifi*: - 9 

y?Hf;*77^ ✓ * :tt<®S$<0 £ *!> <D HIT ft § £ J: tflfefil § <e> > ^SBS * JB^* 



(41) #3?^ 10-511476 

J: 0**7*7 % 1 <7)3 'J * - ?-^7*T-t >7*'j 1 4 4 j3 J: 2 <7) 3 »J ^ - ^ 
■fr7*'T-b>7*y 1 4 5 £1ix_& (3A-;^J;aM wt- $ /cti^x> v^^iF- 
A triSSJ ^I^f'J'^-^'Jv'y^l 5 O^tt^o #^7" 

T-b>7* 1 J 1 4 4&J:U r l 4 5 ti^tL-Pttl o<Ojb7 r 4 '*\ 4 1,14 2 ^ 

*£*rr*o iti^tyrtvyj 1 4 4 & .to* 1 4 5 <Dm<Dft&&*Mfc-f2> 

i*lt)t77-t^^'J«2oOffitS^<7)|fll: > If- A*7*'J y * 1 5 7 , n> 
^/n'T, 7 -f JI/^ 15 4, ttl(?)A> t-V?7. 7 4 )V? 158 *3 J: <U*3teT>f Vl^-? 

5 5***>9, .r *ui tr - a * 7* »; -^157, ¥ffi^ciotjfei 
-Fi6 6fcJ:o*'3ij^-^i6 7 &m~t2> 7*7 -t> 7* >j ^n-f^o 

V-f^A*- Fl 6 6 3$^05fcf±3 U j* - 9 167, £<7>$&£-li, #M*IB > 
XKioT^'J^ - h Sft&o ^f±^ 2 confer ';i/-?37t77t>r i J 1 
6 8 £»ift U ^-f * n>f 7 * n 7 w JV? 1 5 4<7)ffitcM LT^I&lo'tt 

*i -5> o ?4 ? n -Y y 9 n > ^On't. 7-f^M5 4li, V - if a* £ <7)^^\ 
S§<^|p]£: l±ffit-(B|q]Sl 5 7 tC|Rj^oT3 ') -^+J--7*T-b>y 'J 1 4 4 ^ 
LTAi77Y^l 4 1 ^t;^[p]o^7 ?>*ta J; ? KEitSftio £*u:i JoTft 



(42) <$mW- 10-5 1 1476 

yj 1 6 8 Oft&oM&it* 1994^12^210 K HUE* *lgi3E?>f8£AK 
tW&ZUtz r/hS-fb? tt/c F7-b>^'J (MINIATURIZED LASER DI 

ODE ASSEMBLY) J £ @ $ jfcfc (h]B##J1 + <7)#!tfflM* StHM^* 0 8/3 6 1 

Ell 8j&>fc» i©IIIBCJ:4i«$nfcWDM5!i^5*J:a f 7'fvl/-i')l^ 
WD M* y F7-^y^fA 

U h7>^5 y 9 S SX7-J* 2 1 Ort^— CO 5fc 7 r >f 2 2 0 

■3\f&t:»bK. ^ig^^^f^tg^SS^lffl^liJo ig*sf£2 l i^ 

7 7-f^'2 2 0 <7)EJ*(75M^?g^?^. 1 oifcli2otl±^xj|/lf>JA* K- 
<Z>I&fflfc;fe^Tlii|i— K3fc7r-f *lTV>& 0 Lfc* l 9T, WTO 



(43) 10-511476 

7-f VV- 9 2 1 5 SrSCTNX H@c7)3fcn V ^ 2 1 6 fc&Mfc* *lfc4fcv^ 
(i§<7> V-f 2 1 4CI o T|&£ £*t£ 0 #l^--f"2 1 4 fiUM 2 1 3t ? il 
. C:*U±#V--if 2 1 4 <V&&tf¥frfc&btltz&&frh : g.ftL%:^£ 7 i^-f h 
=t ^ ££T&&o #V-f 2 1 4 (^^gt±fl&<7)^M*- K 2 1 4 <Dffi.&tttm% 
oTv^o U-f 2 1 4 tt£ fcii-fimT-ll]^ (H^^r-f) i:®*c$*L % ZtHtU 
-■9*2 1 4 coijf^^Wi-^o 7'fVl/-^2 1Slilfc, 3>;^t2 16^ 
l^ — -9* 2 1 4^^Klti3J:O fi a^'g#*iS»f-r4ifc^J:oTx ^V-f 2 1 
4 *f»fJ6^^t,ti/;Mi:i#tSo Nl®cr> ^-^o3fcjI>^<7)3frfi-^li N 
X l|©3>;</ft2 1 6 oT|&^;b?:ily- 7-T^"2 2 0£:SoT}§t>tt& 

o 

ifiic, V->-A->^fA 2 1 2 fi 1 XNmoDytX-/*) 7^2 17 L, C *t 
li7 7>f/<2 2 0±-?ffl#te?*Lrt:'fg-§-*£lR*o *~fVv92 1 7 fiia-^fe? 

? 2 1 8 *#L^ itLii^yj 7^217 frhnH^Olik /ut°&7 4 )V ? 'J > 

3fM^^S<^€#c7)<^56 J -7^ J^2 18 CJ:oTa?Ji, h.xi^ yu=. 
? X 2 1 9 K[fij#»v^ d *Ui 7 -i )V5> U ft Tt^iM co 

0 *M-?X(Dffit£<?> Vy-^'2 1 g^^fejsOT^K^frStt^ 3fcfE4r-£tr 
o -|lS!lO*SLJ±#* W^-ftf- K214^tU ZLtHt1s-4f 7 A K£ 
iofcfff fcttRW^f>#fS-*-*fc«>K, 3tiE*«t VJtT4 V 2 1 5 £ 

- ^<7>^SR{±^ y H7-*<&h7>;*5y* ->7fAS:^4 fc h frit ^<D^<D 



(44) 10-511476 

i^5&wi±, in 8 is j: ^ in i otc^-r^r-f vi^-^t^aai*tfc*7'9*fli 

£<?)3&^ti, HI 1 9 <D%mM^s(D%TH yl/-?215*810 H^-T J: $ fc 
&14tMfcflf#^9 2 2 5 "ClEft*.*,, 0 2 0 i:jp?*Ltv»J J: ? fc, d*L£>?)# 
7 , 5 2 2 5 l±, V-ify** - K 2 1 4 tf*t><*> 1 ^<D\J)%7 HACftfcoT 
2o^*7 7^;^ICT2o(?)W-f^t- Kl 4 M^£tl£ (Hi 
9) o ##7*9 2 2 5 Ji3fcT>f VW?3 T fcjfcff? tLT£ »? , 3 >;*>f t2 6 
fc«M£3*U ^<7)AM?©tli«^LT^^ N«T?ttfc<*l$5e«JKttN/2 

H 1 9<£>3fctfttH?<ar-f yi/-?2 1 5**0 8 £5^3 *tfv»* J: ^^^7 2 2 
4 J: oTWJft*.fc*LT^*> 0 03£>#:/^22 5<&J:?te, 12 1©*7'52 
2 4 f* 2 o^A**7 7^f^Ii;t 2 o<7> ^-^-f K 2 1 4 KH8*cS tl 

Si 9C75NX Ifl«3fc3>';'«>ft2 1 6 t ®^cf £ tztb(D 2 -cxDltij} 7 7 -f 

i& A/ fi W DMl/y-AyAfA 

Ell 9<7), %$t$L%<?>*v F7-^J)Uy-A'y^fAt^, 
oT^?Ji#4o l'y-Ay7 > rAI^7' l J^2 1 7 i tUi, jg 

<D^^-*i«^o l'y-Ay^rAc:?)fiiKfi4 I"* J wfllitfi, v><ojJ>?)H 



(45) 10-511476 

T\ M-^fiMtoK, #i/i/-ATiii/Ni:jti:f)ii4, 

surras*** *<Dftm-&tf&^<DteZ(vifym±<r>r$mx-$>z> 0 xyv-y? 
it, Tfc? r^/^^^io^^^^n^ae-t* M<b&^o ^ai^ 

its. z<D$hm\*, m 1 9<Of£?Ttitf&<?> 1XN^^'J^2 1 7 J3«fc 0*7 -f ;w 
^218^, *f 14116 <*5*flf 3*lfcWDM7 *f U > ^ * 7 9 

H 2 2 (±. 12 1 1 <£>WDM# 7"7*fffltl>Vy-^y^TA^to WDM 
#7*9 2 6 1 - 2 6 7 IJ, #^-ir- K^^^tl^o I&IK i WT\ * -y f7"? 

jei - & o f 1<^)*7'7 2 6 1 t±> * ? hV - ^ COfe^l ->XfA^l/y- X 

i"?>o * 7* 9 2 6 1 con > ^j*. -7 >f It, fttfiV^gtf)ff, AiJ^CD 
i"^Tc7)#^-^^:<7)* 7'7 2 6 2 J: 0 KS#i3*L&o Ailfli, 

%2<D*7°v 2 6 2 (i, 2f Itfii/^gOff, A 2^:WcD1-^T<7)^§-*!-£ 
.^<7>#7 0 7 2 6 3 CH?«o #7°7 2 6 2 14 Ai^-^*»J<EHHBfl?>l'->-/* 

iwg:it-r*o ^^ge^ji'^v^T, FM?tifc#*y7 2 6 1-2 6 7 

it, mx-f2>'<&M, Aifrh At<Dv^&<DW.&*$i-tz>m j %*mi-fz> x 

titiv y 7 4 ji/?^tt&o Hf£<o# 7*9 2 6 7 it ^^fiw^gco 



(46) 10-511476 

a B %m 8 oiasijo ^ v-AcajaHT, ^ a 7 £n 7 co v- v-^t-Kit 

HI 2 3 f±> jftfiAi^t, LOnWIf^MtS, Jt^i-iSiRKlM-rs n 

^5ii^>f y KE^jT* >9 *4 tilt* t.*- ^mmx-it^^o %tmm^ 

IB 1 2 7 1 (^ * 7 h y-^fS^lv^-r A=J- l/y-^*y^f ACf 

5 - Ae£iiiiS-fr, ^o, J: 19 Ai-A,«R4ti- 

4 J: -9 K2!«3 ti&o icoSIt? tifc##(i#'7 P 7 2 7 2 

2 7 2©n>^7-fJ^lt J: «9g»/v^5^^^^^r<7)^-§-, A 3 -A<£;i 

2 7 2 Hcfc oTRIf S ft It 7*7 2 7 4 t:ioT$i?ft4^ * 
7*^ 2 7 4(7)n>7*;';7>7^ JW*tt, J: »> fc-H-^K A 2 £S$£-£ 

T, J:»)g^itg-?*i^, A i*Klff4 * v KSejeStlSo *7*7 2 7 2 
let oTifiStlTt'©-^!** 7*7 2 7 5 »w J: otSI? ft&75 5 \ *7*7 

2 7 5 con z/yrtK 7 4 )v? i 19 S^iKgco-ft-^-, a * S-itiB^-eT, £*) 

TOU, *^72 7 1 i:ioTia?*lfcSfiA»- A.C0^-^(±, *^72 7 
3. 2 7 e&iCJ^ 7 7 tiot, -6 A 5 , A 6, A.(7)f 

Cfl-iJtlio i *L *b CO 7j 7° 7 273s 2 7 6iJ«t0'2 7 7 CO n > y-*/-?7. y -f }V 

TcO^(±> %ft%iM<n1^<Dj] -f^^gm** hViz^ Z<D%m<V 8 o<7) w 



(47) mmW- 10-511476 

- KE90J3 itf/^ 7* 9 y KEEIO*:*©/*?* - 9 li, H2 4 <£>W 
, S-g -> * A \z mi tt K V - / ^ ^ J: o JR t> H * -e-^-c? 31 ? 





1 x 8 A^^r- F 


(0 7 ©«JS) 


1 x 8mf& 


«±»Ati5fe 
(dB) 


4. 2 


1. 8 


1 0. 0 


(dB) 


3. 0 


0. 3 


1. 2 



±.<DWL-frt3U*bhinz>z.k.\L >^?vv ke^j^\ M±m \m&& x mm± 

- KE5U£\ *<0% *) fcJ *)frZ^&jzftXm&:&*i-rZ>t it 

it & 0 

KUE9!IS*l*o 



(48) m a¥ 10-511476 

[Ell] 

13 




FJG. 1A (PRIOR ART) 




FIG. 1B (PRIOR ART) 



[0 2] 




FIG. 2 



(49) 



10-511476 



[13 3] 



[04] 




(50) 



Ita^F 10-511476 



[13 5 ] 



v o 

/ .N. 





(51) 



10-511476 




(52) 



3f a¥ 10-511476 



[B9 8] 




5t>' 



[13 1 0 ] 




: F,\ ID 



(53) 



10-511476 




(54) 



10-5 1 1476 



[816] 



,120 



124 N 



— I 



o 



Q If u u ^ \ \ w f % Q 



^129^-134 




130 



25 



4 



^137 135 



FIG. 16 



O 



121 



122' _ 



III 7] 

-141 




FIG. 17 



(55) 



#H^F 10-511476 



[01 8] 



wdm b r 




-♦ J WDM I =r 




1 




FIG 18 



C57) 



10-511476 



[020] 




i 



4£St¥ 10-511476 



[[212 3] 




M ^2 *3 



FIG. 23 



[[22 4] 



V (^Xtll-^jMdB)) 




FIG. 24 



[02 5] 




*1 ,2.3,4.5,6.7,8 



271 



x 5.6,7,8 / x 7.8 
273 



FIG. 25 



(59) 10-511476 

ie$] <wmfem 1 8 4 8 m i n 

[tttBB] 1 9 9 7 ^ lfi 6 B 

f©KH:7 7 5f-JtjfcSi:S:tU r 9 y*- 14 C d M n T e 

2. TtnS7 7 9f'-M[5feSJi7lc«* s K-7'S*LfcC dMnT e *Atr, 8&*£ 1 

HtlB^ 2 (Ditt? t -f /-^SB t . 

m 1 * J: tfjfc 2 coM i: BfrlE^ 1 is J: 0*16 2 « S Mo** t 

t*l/4li?f GRI NU>XtH*» fitrlfiGR I N >X<Z)tfrffi# 1 «>SB 

mis^ * n>f * y a tmuG r i n xnMzmtwmtifttzm 

1 33 <£ tffc 2<DftyrJ ^OffiSESB Htrie^ l<077-f ^rt* ^SfcT* o T 

i9L, *^o % |frie^2(7)-7 r ^'^O^T&o Title ^n-Y y * 7-f 

4. 9S 3 ofty r 4 'WM b , 
titimyj y ?y 4 ^^tbCDlfJfEn 'J > - h ? ftfc:3fe?>i&&F*l«>=r "J * 



(60) ftmW- 10-511476 

7°7o 

* "7° 9 ti , 

& i * j; ^ 2 <nwm t mtzm i&£z/m2<D>&mzm2>M2i3fa<?>mt 

frffrSfr, tffian yys*7, y 4 )V7 t irfESI 1©3'J^ - h"f * l^>X«fi? 
^<7)«itmSEaSl £J:tf#2<&^7 7^<ailiriESH£U:, MIES! 1©77^< 

*lfc3fei L"CH1TV» < J: ^ 5>»fc# L XWM. £ tL4 , WDM*^7 C 

8 . -mflEU l(7)3'j^-htl»!^>X|ii/4e^f GRINV>X Sr^fr , sf 

im. 7 t;|ES<7)WDM*7*'7o 

9. TfrfEn y 7**7* 7 4 }\>9 7 n>f 7 7 5 9- 7 -f ^ ^ ft 3^ 7 

10. % 3 0r>yt7 T 4 ^(Dtffij t , 



(61) 10-511476 

ffijfi 1*1 If J: ? i*. 1515^2 (7)3 - Y-rz>}s>X<D&l<Dffi 

*tr> IS^tSl 0i:Ei<?)WDM*y7o 

o 

r^i^^^fr/^*, 3 fen, 

mlia^ 3 <7)* 7 r y Y <o£ v>«[x:#£ 19 DfBrt ^ 2 co 

1 4 . MIS^ 1 'J ~7\*j<nmtZffln%mm?.m 1 * J: ^»2©*7r'f/<o 
j: 9 £^3tf *¥#£#U TitlfESS 2 <t>;* »J - Pg&liffiSE 
#3<*>3fc7r>f J: 5 ^at4*g*#ti, ft**! 1 3 MfE*<£> 
WDM* 7"7 0 

15. mTlE^l> ^2isJ;y : ^3<7>7G7T^^<7)miE^IZ7>(±^*ffl l ? L£v>, 19 

1 4 tefEft<E>WDM* 
1 6. HiIIE7 r-f ^-f^Sfin-Pil^toa ^ h^4i>«gfl'S:tt4»4 cOpfe? 

oTi|2n >jr;l7> "7 4 <£ oT®$ ti^7^^miE^4 <^7t7 T-i' /^Hilfa 

Sffil*lfcSO f j£&*:£#f>*i* <fc 9 ^hUIE-7 T-<^o^rlE3SE55'*«i«F-r*, St* 



(62) Km*?- 10-511476 

3®1 4(;ffii<7)WDM*y7«> 

ffiffc 3 £ J: TO 4 <ry%y r 4 ^ftbtf^MUm 2 (OUM^^yty r >f /«oH& 
IE^(±2^H^omfIE^2 <7>n >; ^ - hti l^^Xc7)Mia^ 1 tfDSHffiKiaeU 

Bess*, a, i 6use«o#'/?o 

itie^^ ^kimifs tLTMie^ 1 057 r>f^<z)i!g*fft 1^3 'J > t 
m<r)mm^n-t^tzMw>2<D^--y'r^yy'^ mum 1 & «t to 2 



(63) 



#St¥ 10-511476 



mmytm&ft<D%:T'(vu-?*ryT-t>7i) t*&&, mmr^ w~?*r 

2 o Kfem^>**is*i£# ^vis i^rw v u-?o 

2 3. fltrfE^^^<gin]-r^#g:(ifltrisMi^rt^^ffit&^^-^^> fflf i 9 

^IE®<7>*ffi?tL^:*7 p yj3j:a f T'f VV-^o 

2 4. mrlES^^^ISli^ fifrfE^v >^rt^mriE^si^^(±sitt/c^ai^ 
ls]S&£^-.*. HulE*1^til§ffimffE ; f#^-^^^;#-^$'^:^^. 2 3 K$ZM<r> 

2 5 . ItufEfiS 1 £ XZfm2 <D*t fT^y^'XDo *><D 1 o^|3?)*7t^^ 

iSs^n v * - ? t \*iMi(DfflmK&nL. mmm3 <oit y rj^im > y w-fk 

2 6. iulE^l i7)ty7t>7*'J (±BufE^3 60^;-7r^/^HuIE3S$-^L> fu 



(64) 10-511476 

27. mrie^2 ©trr-bv/'j fiifflfflfis 3 r^^^mrf£^^##L, flfr 
is^ -i )v 9 v yy-r&^&n, mtziMfa-t&^&tfmmni <r>%y 7 a ^^.hm 
n%,2<D%7Tj ^Kmtt-r mzft*7 * v > y-t&^&^x 

2 9. ^£#f£{±^-^--r*- K£"&tiN W^^2 8 l'IB«<7)^*$tL^* 

3 0 . flfflB^T^ Vl^-^t/Tt^yjIiCdMnTe *-£tf 7 7 7 r~ M?£ 

%**^-r&, m#.*K2 8 KmmtDmMztLtzijy^tsj: tit 4 vu-? 0 

3 1. mmyr 7r-ffiyt%s-li7k$&frh*-y'ZtitzC dMnT e St#^ 
3 2. iftfS^i <?>%y 7 J ^frh1ftU^2<r>yby r J ^Kybm^&fcmL, 

Atrial 2 r /^^mie^i 1 <r>yty 7 -f >^<nit'm i %*m&-tz> tztb^& 

[B]#C0W#H J R^-r^7t«6<O^2^-9-7'T4ry7' , J t itflS^ 1 *3 «fc tflfc 



(65) 10-511476 

3 3. tffS5:3fcif£J»l*lfc'*> fr9 £?*>fc-&tr, ff^Jl 3 2 KtdM<0^ 

mZiltzX-fy&ZlfTJ VU-9<> 

3 6. ffirSB3&5t4^e»i*1*miflIIKS:^'tf, W*:® 3 4 Kffifc*>|Mi3*ifc # 

htiz>mt)*% u mien 7 -y ;w*»iflirffi*fi»^<affirffii'-^tH#£ 

3 9. fltrlEn > y ^ K>9\t9~<i y 9 ^ y-VA fr9&-&tr* 

3 8 CERwMJ^A^lS.tO'T'f V l^-*„ 

4 0. BtriE3fc?II±V--+f ; ^^^OHtiIE*^-7^ fl/* U >^-*-*#K»iTlir3B3fcfe 



(66) 10-511476 

o ffi7j£#u mien 7 ^ ^^(±tfria^g&^<7>miei---- i ftti^$'igisf 

4 1. Mffi36iRli^^^*^*^offifB3fc*7>f 'J >^T*^Slim?B3fcJli 
8Sfti:n^/;U7^ £^-<&, HtrfSW-^f [imrfBo yf;*x y -r jufKfafr 

»rU Hlriea>^/N^7-i' ;w^{±. frlS{SfS]-r^^S^mIIS^l <Dfty r 

4 2 . Vl^-^f7'7-b>7* , JliCdMnTe 7 r 9 t*- 

4 3. mtZyr y r-M^\tyKWi* % F~-7 2tttzC dMnTem, mmm 
4 2 fcffitt<Z>JMt3*lfc* i3 7 1/-?, 

4 4. &%L<D%Mfrh<D%^*z}ty r 4 hy-?<n3Gy r 4 ;*±Kfem 

SSfcoiH? itfc^TY V 1/ - ^* 7*5 #*7 , 7im< H2otO 

A**7 7^/^J:m < 4> 1 ^m^rY/tttU #*^v(iA7J 



(67) 10-51 1476 

4 5 . #* ^7li, 

>f U mTlE^ 2 U - 7V)MfifltiEffS 1 9 - 7'(?)aBi:B 

BtrfEB2(7)^';--7*^®c0iEffitL ^4<tt 10^*7 7^^^^) 
^■^■^ffirffi^* < £: & lo<?)ai;t;:7fc'7 7-i'^[*H-=r , J M"?. 7^*6(7)^2 <r> 

HtrsEM^^®^T'r^ H B B ^ii^^ r ? 7*- is *s m^?i4 4 t-iEm^ 

#u Bfris^ i u --t\ miE^2<o^ u — 7*, HtriE^i ^n^-fn? 

- M-£#l£, fcj:0 ! i2©3 y ^ - TtirfEffl 2 on >j 



(68) mmW- 10-511476 

5 tsaa^si-*-*->^-f Ac 

4 8. nii2l'^LV^ 7 ^IE®<75f5jii"*v / ^x^o 

4 9. n<i4K#Lv^ B!$£ 4 7 KfEttOfcii-T & -f A 0 

5 0. UtTfE^ < t * 2 ogdAM? r -f /«75#SffiEfrtfU =j T is J: ^miE a T 

5 1. BtrfB^^ < t i> 1 o^m^7367 T^^^mi2^E^(i> nrfcitfUirffia 

5 2. Mffl&l toJ:V ! m2<D3i) h-r&^8.\1;&+. 1 / 4 t' 7 f G R I N 
l">X*-grt>, fff;£^4 5 ^fEfl^fcMT&^'rA,, 



(69) 10-511476 

5 5 . mm.*) <r>m%L<Di} -/yitmtmi nu-fyfrhu^y-- kk«mb3*i, 

St*S5 5 K.fB«<E>gflJt& ->^rA 0 

^rtt-^Si-fa <fc •? KiliRS -f ^^tirti, 5 4 KfsiJcogipt 

6 V 7s T -l* e 

5 8. #*7"5 fiS £>K, 
mfffiffS 2 co*7 r -i WVSk t > 

# Ha J: 2 wSBiB i: mTfB^ 1 £ J: tf^ 2 offiiS & £ 3 ^IrIOW 

mrfE^l £>S|&ifi4fcO i KitirfE#l fcitf^cO^T^^coitrfB^fi. Sin:^ 

)i<?$:$fr, lit IB o > "7 -f n>9 t strfB^ 1 con U - M-*l^>-X<75g? 

W«l t fltfSBfH 1 & X t/m 2 <D%y 7 4 /N'cOflulBS^ t fi, lfflffi* 1«77^A 
^ <b <7)5fc-C$> o T sil IB n > 7^Ji/^:J:-3 TRU ? SB* 2<r>y 

r-f ^rtfciljiL, ^oflrfB^ l co? r W /<j&*£>tf>3fe-C2fco TmrlBn > jf/**? 

mflBn ^^7 -f JV^/^coMfS^ 'J ^ - h ? tifc3fe<^>ilS»l*I0S 2 co 3 y 



(70) ftmW- 10-511476 

59. Krie^'T'^cD^-^rt^ilrfBD > 7 jw^ t*, 9 ? ? = 9- 

6 0 . yyPwmmm 1 <7>=r U ^ - l-t^l^>^fcJ:O i l2W3 | J - hi- 
^l^XJi, l/4tfyfGRIN V >X S-^tf n St$£ 5 9 KffilRoSfll* V 

& w^Xfi, '$l*<t>u y > - br* i^^XSr-^tf^ SIM 5 9 Cffift©$]Ri-> 

7,f A c 



(71) 



10-511476 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/I6283 



A. CLASSIFICATION OF SUBJECT MATTER 

FPC<6) C02B 6/12, ttl%, <V>2, CV38, 3/30; H04B l(VO0 

US CL : 385/11,14, 24, 33, 3-4. 74; 372/703; 339/134. 156, 494 
According to International Pa lent Ct&ssificalian (IPC) ar to bath national classification sod IPC 



B. FIELDS SEARCHED 



Minimum documentation Marched (cbuii&caiion system followed by classification symbols) 
U.S. : Please Sec Extra Sheet. 



DocunMiHoiion searched other than minimum documentation to th© extent that such document* are included in the field* Marched 



Electronic data base coniidtcd during the international tcarch (name of data base and. where practicable, search tcrmi uicd) 
APS 

saaich terms: fib«r# or fibred, GRIN or gradient tensltf, isolator, transrruter, reciever 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the rclcvut passages 



Relevant to cii 



aim No. 



US, A, 5,050.954 (Gardner et al) 24 September 1991, lines 
1-39 of column 3, lines 1-32 of column 7, Fig. 1. 

US, A f 4,730,891 {Poorman) 15 March 1988, Figs. 2-4, 
lines 20-62 of cotumn 3, 



US, A, 4,522,461 (Mannschke) 11 June 1985, see Figure 
and lines 48-57 of column 1 

US, A, 4,566.753 (Mannschke) 28 January 1986, see Fig. 1 

US, A p 4,239,330 (Ashkin et al) 16 December 1980, see 
Figs. 1, 4, and 5 



1-4, 15, 21-22, 
29 

4-6, 8-14, 16 
20, 23-28, 30- 
34 



1, 15 

1-4, 15, 21-23, 
29 



| x| Further documents arc luted in the cnattnuatian of Box C. | [ Sec patent family annex . 



Spe ci al cmtcforkt of cited 

donna* dettnmp; ifce |ounl tL»»c of (h* *r% which it amt censidend 
U be af pUjatMr nknwc 

carlic* ftr^—mff publuhed on or after ike aKniaul ftEnf dMc 

ilin man it witiicb mj Gimmt daat* tm priority *ir which 

cfcetf u> aubu* lb* ptiblkatioa date of te*ta«r ciaaoo or «nver 
4>«bI iimmu la* ipccifiod) 



IrUt Arm-—™* pubiuhed mfUt I 



filing dftfc. or priority 
cited to tudtfttand the 



cewidcinJ «wv*l or Cftoorx be 
when fcbe bocurao* Uiaa ftjaae 



coniMfca to arrotve to brwcxnhrc ncy 




coatkUred id uvobe in 

with uoe or rim uter 



Date o/ the actual completion of the international search 
30 MARCH 1*96 



Dale of mailing of ihe International search report 



04 APR 1996 



Nunc and mailing address of the ISA/US 
Conuwuioncr of Patent* and Tradcnurkj 
Box PCT 

Wotfungtoa, D.C. 20X11 
Faoimiie No. (703) 305-3230 



AilLhoryzcd officer 

.it'' 

^ HEM AN G SANCHAVI 
Tdcphone No. P(B) 303-3484 



Form PCTVIS A/210 (second jhectKJuly 1992)* 



(72) 



&mW- 10-511476 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/J62B3 



C {Conlmualion). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passage* 



Relevant to claim No. 



A 

V 
Y 

A, P 
A 



US, A. 4,078,852 (Lebduska) 14 March 1978, sec Figs. 2 and 4 

US, A. 5.087,984 (Heiney et al) 11 February 1992, Fig. 1 and 
lines 5-11 of column 3 

US, A, 4,244,045 (Nosu et al)fl6 January 1981, Figs. 2-3 and 12 

US, A, 5,453,827 (Lee) 26 September 1995, see Figs. 5a-5c 

US, A, 4,474,424 (Wagner) 2 October 1984, see Abstract and 
Figs. 1-3 

JP, A, 2-248919 (Shibuya et al)<H October 1990, see Abstract and 
Figure 

US, A, 5,278,853 (Shirai et al) II January 1994, see Fig. 10A 

US, A, 4,511,208 (Ozeki et al) 16 April 1985, see Abstract and 
Figs. 4 and 8-9 

US, A, 5,245,680 (Sauter) 14 September 1993. Figs. 1-4 and 
columns 5 and 6 



1-34 
35-36 

37-52 
37-52 
37-52 

53, 66 

53, 66 
78, 88 

78-95 



Form PCT/1SA/210 ( continuation of second shcdXJulv 1992)* 



(73) 



#3t¥ 10-511476 



INTERNATIONAL SEARCH REPORT 



International Application No. 
PCT/US95/36233 



8. FIELDS SEARCHED 
Maiirnum documentation searcritd 
Classification System: U.S. 



3fiS/l J. 14, 15. 24. 31, 33. 34.46, 59 , 60 , 74, 78; 372/703; 359M15. 122, 131, 154, 156, 161 . 484, 465, 487> 488, 
494,495, 497, 499 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This tppLicstioa contains claims (fretted to more than one species of the generic invention. These species arc deemed 
io lack Unity of Invention because they are not so linked as to form • tingle inventive concept under PCT Rule 13.1. 
la order for more than one species to be examined, the appropriate additional examination fcco must be paid. The 
species arc a* follows: 

Species I Fig*. 2-7 
Spocicj D Figs. 8-10 
Spocica HI Figs. 12-14 
Species IV Figs. 15-17 
Specie* V Fig*. 20-21 
Species VI Figs. 22-25 

The claim* are deemed to correspond to the specie* listed above in the following manner: 

I. Claims 1-34 directed to an optical coupler. 
It. Claims 35-36 directed to an optical isolator. 

III. Claims 37-52 directed to a wavelength division multiplexed coupler. 

IV. Claims 53-77 directed to a wavelength division multiplexed coupler and isolator. 

V. Claims 78-87 directed to a transmitting system. 

VI. Claims 88-95 directed to a receiving system. 

There are no generic claims. The species listed above do not relate to a single inventive concept under PCT Rule 13.1 
because, under PCT Rule 13.2, the species lack the same or corresponding special technical feature* for the following 
reasons: Tne claims of these species arc directed to different inventions which are not so linked to form a * ingle 
general concept. In particular, an optical coupler of species I is completely different born species II directed to an 
optical isolator, species Ql directed to » wavelength division multiplexed coupler, species IV directed to a wavelength 
division multiplexed coupler and isolator, species V directed to a innsmining system, and species VI directed to a 
receiving system. 



Form PCT/JSA/210 (extra ahcet)(July 1992)* 



(74) 



10-511476 



7P> h^-^Ofelt 

(51) Int. CI. 6 WUJIJiE-St FI 

H 0 4 J 14/02 
(81)Jg£H EP(AT, BE, CH, D E, 

DK, ES, FR, GB, GR, IE, IT, LU, M 
C. NL, PT. SE), CN, J P 

7 27^*11. 95035 #H 7 *;l/.=-7 

2349 

(72)^^ ^>¥w 

7-* , ;*7£*B. 95133 *'j7*;b-7 
>f ;?\ 859, ^>'<- * 4 

t -Y^fi* 1 -o<DAjj~7r <{j*frF><Dyt@-^ifl 1 oottl 
f&ttQ/tfeCC, 7-f VU-irfecfcCfjfififlc^tt^ a>\,* 



